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The enterprise reforms of the 1990s profoundly changed the structure of the economy in China. With the deepening of market economy, the share of the stateowned and collective enterprises declined. Expansion and contraction, as well as establishment and closure, of firms became a common phenomenon. The level and volatility of firm productivity have become increasingly important aspects of the micro performance of the economy. This paper uses a firm-level data set collected annually by the National Bureau of Statistics of China in 1998 to examine the role of different firm characteristics in productivity volatility. The paper measures productivity volatility at the firm level as the standard deviation of the annual growth rate of productivity. The main objectives This paper-prepared as a background paper to the World Bank's World Development Report 2014: Risk and Opportunity: Managing Risk for Development-is a product of the Development Economics Vice Presidency. The views expressed in this paper are those of the authors and do not reflect the views of the World Bank or its affiliated organizations. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at xluo@worldbank.org.
are twofold: first, it examines the variation of productivity volatility across firms of different characteristics and their evolution over time; second, it investigates the sources of productivity volatility at the firm level in China. The results suggest that in general, productivity volatility at the firm level has declined over time in China. Among firms with different characteristics, large firms, old firms, foreign firms, and firms located in the coastal provinces are less volatile. Firm size and location are the two major factors that drive changes in productivity volatility, one in a positive way and one in a negative way. Although the gaps of volatility between smaller firms and larger firms declined, the gaps between firms located in the coastal provinces and inland provinces increased.
Introduction
The Chinese economy has witnessed impressive development since the economic reforms of the late 1970s. Over the past three decades, there have been important reforms and transformations in the enterprise sector: expansion of Township and Village-ship Enterprises (TVEs), privatization of small and medium state-owned enterprises, modernization of large state-owned enterprises, as well as development of foreign enterprises. Since the late 1990s, the economy has continued rapid and steady growth even during challenging periods such as the Asian financial crisis and the global dot.com bubble. The government further deepened the reforms after its accession to the World Trade Organization.
While many studies of the Chinese economy focus on investigating the factors that condition aggregate productivity and inequality between coastal and inland regions as well as rural and urban areas, this paper takes a closer look at firm level output growth and examines the drivers of its volatility over time. The objective is to understand the micro foundations of the economic growth performance. It aims at shedding light on the sources of output volatility and its evolution over time. The literature on firms' economic performance is abundant. However, most previous studies focus on the level of productivity. To our knowledge, the present paper is the first analysis of the volatility of productivity in China.
2
This study is based on a firm-level data set collected annually by the National Bureau of Statistics of China. This data set covers about 300,000 industrial firms in 1998-2007. 3 The paper examines the role of different firm characteristics, such as size, age, ownership, and geographic location, in productivity volatility. It follows the methodology developed in Comin and Philippon (2005; to measure firm productivity volatility as the standard deviation of the annual growth rate of output per worker.
Our empirical work is composed of three parts. First, the paper compares the productivity of three groups of firms -those that survived the entire 10 year period of 1998-2007, those that survived 2 We use output per worker to measure productivity. 3 In this paper, we use "firms" as shorthand for "industrial firms".
any consecutive five years, and all firms in the sample -and focuses on the second group for the analysis of the evolution of productivity volatility over time.
Second, it describes the changes in the composition of different types of firms (size, age, ownership, and location) and examines the roles that these different characteristics, along with investment in long-term and intangible assets, innovation, export intensity, and insurance and pension payments, play in the determination of the level of firm productivity volatility and its evolution over time.
Third, it investigates the effect of these firm characteristics in the changes in firm productivity volatility. Applying of the method of Oaxaca decomposition as developed in Smith and Welch (1989) , it decomposes their effect into (i) main effect that occurs because of change in firm characteristics and (ii) year effect because of a change in return to these characteristics.
Enterprise reforms
Before the enterprise reforms in the 1990s, state-owned and collective enterprises played a dominant role in the economy. The state-owned enterprises (SOEs) were not independent entities -they were subordinates to the government. As in other planned economies, production and market were separated. As to the provision of social protection, the roles of the government and the enterprises were blurry. In many circumstances, large state-owned enterprises also had hospitals and elementary and middle schools, and functioned to a certain extent as a relatively small independent community. Many urban workers worked for only one firm in their entire working life. Job mobility was very low and workers depended on the enterprises they worked for in multiple aspects, from in-kind benefits to health care, children's education, and old-age pension.
Social stability is always a priority of the Chinese government. Laying off employees was generally prohibited, even in the enterprises in deficit. In contrast, the "soft-budget" constraint allowed unproductive firms to rely on financial support from the government, which severely limited enterprises' motivation to get out of the difficult situation by reallocating resources to improve efficiency. Many SOEs were therefore in deficit and suffered from relatively low efficiency. In the central planning era, virtually all labor was employed. Many loss-making SOEs were kept alive and redundant workers employed with their guaranteed jobs -"iron rice bowl" (or "tie fan wan") -and social entitlements. Figure 1 ). This transformation of the enterprise sector provided jobs of a different nature to a large share of the labor force (World Bank, 2007) . 4 See for instant Bari (1997); de Beer and Rocca, 1997; Putterman, 1992 ; etc. With the restructuring of the enterprise sector, firm turnovers and job churnings became normal phenomena. Creative destruction accounted for a higher share of the increase in productivity.
Workers were no longer tied to one firm. The risk of being laid off by one firm was separated from the risk of being unemployed. Spurred by the rapid development in the coastal provinces or urban areas, millions of migrant workers left their hometowns in inland or rural areas to pursue better job opportunities. The supply of inexpensive labor served as a strong "push force" to further stimulate the economic growth and attracted more domestic private investment and foreign direct investment in the coastal urban areas. The spillover effects of foreign direct investment on domestic firms vary. Wei and Liu (2006) indicated that there are positive interindustry productivity spillovers from R&D and exports, and positive intra-and inter-industry productivity spillovers from foreign presence to domestic firms within regions. Du et al. (2011) elaborated on the different channels and mixed effects through forward linkages and backward linkages, and argued that positive spillovers are insignificant for horizontally integrated firms. Regardless, the increase in private investment and non-state-owned firms provided the basis for the deepening of the enterprise reforms.
With the development of the market economy, the volatility of firm level productivity becomes a crucial aspect of the micro performance of an economy. It reflects responses of firms to idiosyncratic shocks and frictions in product, factor and credit markets. Firm level volatility often links to their investment patterns, their access to external finance, as well as the regulation reforms. The volatility of the entire private sector reflects the joint forces of firm entry and exit and the volatility of the individual firms in the market.
Evolution of productivity volatility
Firm level productivity volatility is an important aspect of development of the whole economy. In previous studies, volatility is measured in different ways. In Loayza and Servén (2010) , macroeconomic volatility is represented by the standard deviation of the output gap, obtained as the difference between the actual and trend real GDP per capita. Trend output is estimated using the band-pass filter of Baxter and King (1999) . In Hausmann and Gavin (1996) , macroeconomic volatility is defined as the standard deviation of the level of GDP per capita. In Breen and García-Peñalosa (2005) , output volatility is defined as the standard deviation of the annual growth rate of real per capita GDP.
In this study, we follow the methodology developed in Comin and Philippon (2005) . They used aggregate data from the National Income and Product Accounts (NIPAs), and firm level data Table 1 shows the average magnitudes of the volatility in the annual growth rate of output per capita of the firms that survived the entire 10 year period and those that survived at least 5 years.
It shows that overall volatility declined over time. This downward trend of productivity volatility also applies to most firms of different characteristics, such as size, age, ownership, and location (in inland and coastal regions). Using Kernel density, we examine the distribution of productivity volatility by firm size.
Consistent with the literature, small firms are more volatile than large firms. Figure 3 shows that, as firm size increases, both the level and variance of productivity volatility decrease. Similarly, we observe that young firms are more volatile than old firms, and firms in the inland region are more volatile than firms in the coastal region. Firms with foreign capital as the main part of paidin capital are the least volatile. During the period of study, productivity volatility declined in the coastal region, but increased in the inland region. Two interesting findings emerge when we examine the role of firm characteristics in the changes in productivity volatility over time: first, the marginal impact of firm size on volatility is converging -large firms are less volatile compared with small firms, but over time, the gap of volatility between large firms and small firms tends to decline. Second, the marginal impact of firm age on volatility is diverging -young firms are more volatile than old firms, and over time, the gap of volatility between young firms and old firms tends to increase. This might indicate, on the one hand, that the government's support to the SMEs has been taking effect; and on the other hand, that young firms are more likely to experience experimentation and adjustment in the market and they are more volatile when competition is higher.
As mentioned above, we select only the firms that survived at least 5 years in the analysis of the evolution of volatility. (Table 2) . The statistics show, in general, the difference in productivity between selected firms and all firms in the sample is significant. As expected, this difference is negative in a significant manner for several sub-groups, implying that the selected firms are likely those with higher productivity. The following sections focus on the firms that survived for at least five consecutive years.
5 brackets. *** significant at 1%; ** significant at 5%; * significant at 10%. The selected firms are those that survived at least 5 years.
Sources of change in productivity volatility
The changes over time in aggregate productivity volatility can result mainly in two forces: first, the composition of firms of different characteristics; and second, the changes in the effect of firm characteristics on productivity volatility. In this section, we will examine these two driving forces using a development of the Blinder-Oaxaca decomposition to analyze the change in productivity volatility for the firms that survived at least for five consecutive years during the period 2001 to 2005 (Blinder, 1973; Oaxaca, 1973; Smith and Welch, 1989; The World Bank, 2007) . 
We can decompose the influence of various attributes into (i) main (characteristic or endowment)
effects that occur because of changes in firm characteristics and (ii) year (price or coefficient) effects which are due to changes in return to the specific characteristics. This decomposition allows one to assess the sources of volatility variation during the period studied (2001) (2002) (2003) (2004) (2005) 
Factors that influenced productivity volatility are included in the equations (4) and (5). They consist of firm size and age; main part of paid-in capital, which is a proxy of firm ownership; ratio of long-term investment to total output value; ratio of intangible assets value to total output value; ratio of export delivery value to total output value; ratio of new product value to total output value; ratio of labor, unemployment insurance to total output value; ratio of medical and retirement insurance to total output value. We also introduce a dummy variable indicating coastal province. this period, the share of small and medium firms has increased, while that of large firms declined.
The share of state-owned and collective firms experienced a significant decline from 47% to 18%, while the share of firms financed by private capital has seen a sharp increase from 22% to 40%.
The share of export delivery value to sales total output value increased over time. The share of firms located in coastal provinces rose from 72% to 77%. Table 4 presents the results of productivity volatility, as in equations (4) and (5). A negative (positive) sign of the coefficient indicates the factor plays a role in reducing (enhancing) productivity volatility. The size of firms has a negative effect on productivity volatility (or, more directly, it means large firms are less volatile); however, the negative effect of the size of firms on volatility seems to weaken over time. This is consistent with the results that we observed in the previous section when we examine the sample of firms that survived the entire ten year period:
large firms are less volatile compared with small firms, but over time, the gap of volatility between large firms and small firms tend to decline. The age of firms has a negative effect on volatility, and this effect has become stronger from 2001 to 2005. (Table 4 and Figure 4) . On the contrary, foreign capital plays a role in reducing productivity volatility. system. Previously, medical insurance and retirement pension were mainly the responsibility of firms, especially for state-owned firms. This expense was a heavy burden for firms that were in deficit or facing negative shocks and for old firms with many retirees. As the economic reforms deepened, the burdens on firms were alleviated in two ways, on the one hand, the share of nonstate-owned firms, which do not always provide the benefits that state-owned firms provide, has sharply increased and, on the other hand, the social security system, including unemployment insurance, medical insurance and pensions, has been gradually established. Both contributed to reducing the effect of medical and retirement insurance on the increase in firm productivity volatility.
Finally, we note the important effect of location in coastal provinces on reducing productivity volatility at the firm level. 7 This effect is greatly enhanced from 2001 to 2005. This is likely related to the vibrant business environment in the coast. Although firms compete for inputs and markets, they themselves, and the market thickness and deepness they created in the coast through clustering and agglomeration, reduce some idiosyncratic risks (such as shortage of supply of a specific input) and increase the diversity of markets. As observed, the joint forces reduce the productivity volatility of firms in coastal provinces.
The Oaxaca decomposition confirms that both the main effect and year effect play a role in the evolution in volatility (Table 5) . One-third and two-thirds of volatility reduction are explained by the main effect and year effect, respectively. Figure 5 summarizes the contribution of various factors to the change in productivity volatility over time. Firm size is the major factor that increases productivity volatility over time -which has large positive main effect and year effect; while location is the major factor that reduces productivity volatility, which has large negative main effects and year effects. Other factors, such as firm age, capital and export ratios, also play a role, but their net effects are small as their main effects and year effects are in different directions and partially cancel out each other. Firm's age has a positive main effect but a negative year effect on volatility change. Its positive main effect is essentially due to the decline of the number of old firms whose productivity is less volatile (Table 1, Table 3 , and Figure 7 ). The source of paid-in capital has a negative main effect and a positive year effect on volatility change ( Figure 5 ). Figure 8 shows that the negative main effect results essentially from the reduction of the shares of state-owned firms and collective firms, which are generally more volatile in the period of this study (see Tables 1 and 3) ; whereas the positive year effect is due to the strengthening of the effect of firms with corporate capital on enhancing productivity volatility and the weakening of the effect of firms with foreign capital in reducing productivity volatility (see Table 4 ).
Figure 8 -Contribution of firm ownership to the changes in firm's productivity volatility
As we have seen above (Table 4) , the ratio of export delivery value to total output value has a positive effect on volatility in 2001; but the effect is not significant in 2005. That leads to a negative year effect, reducing productivity volatility.
Finally, the share of firms located in coastal provinces, that are less volatile, increased from 2001 to 2005 (Table 3) , which results in a negative main effect. On the other hand, the effect of coastal region on reducing productivity volatility also increased from 2001 to 2005 ( leads to a large negative year effect. Because of the two negative effects, the growth of firms located in the coastal provinces plays the most important role in reducing productivity volatility.
Conclusions
In this paper, we described the level and changes in firm level productivity volatility in China and examined their driving forces. In general, productivity volatility declined over time in 2001-2005. Among firms of different characteristics, large firms, old firms, foreign firms, and firms located in the coastal provinces are less volatile. Firm size and location are the two major factors that drive changes in productivity volatility -one positively and one negatively. While the gaps of volatility between small firms and large firms declined, the gaps between firms located in the coastal provinces and inland provinces increased.
Two findings might be of interest of further research and contribute to policy design:
• The first one is related to the role in productivity volatility of the ratio of firms' contribution to medical insurance and retirement pension to total output value. It has a significant effect in increasing productivity volatility at the beginning of the period of study while the effect became insignificant at the later stage. This might indicate that, with the deepening of the enterprise reforms, healthcare reforms, and pension reforms, the alleviation of the undue burdens that firms used to bear helped reduce firm level productivity volatility by lowering their pressure particularly in downturn.
• The second one is related to the role of firms' location. Firms in coastal provinces were less volatile than those in inland provinces, and the gap widened over time. This might suggest the negative effects on firm productivity volatility (which means reducing volatility) of a more enabling business environment in the coast dominate the positive effect of competition (which means increasing volatility).
It should be noted that a higher volatility at the individual firm level should not be considered as unfavorable as it might well represent efficient resource reallocation (or creative destruction).
However, the above findings offer some support to the argument that a more inclusive social protection system can not only protect the vulnerable but also provide more space for firms to perform; and a better business environment is not only good for productivity growth but also for resilience.
